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© Method of producing optical-fiber coupler. 



© The invention provides a method for producing 
an optical-fiber coupler with a preset branching ratio. 
The present invention relates to a method in which 
part of a plurality of optical fibers are made to 
closely contact with each other so as to form a 
coupler. The coupler is heated to thereby obtain a 



predetermined branching ratio; the flow rate of a gas 
to be supplied to a heat source is 
increased/decreased by a quantity proportional to a 
difference between the drawing speed and a preset 
drawing speed while predetermined tension is ap- 
plied to the optical fibers. 

FIGURE I 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present Invention relates to a method of s 
producing an optical-fiber coupler to be used, for 
example, in optical communications or light mea- 
surements. 

Description of Related Art 70 

A fiber-type coupler is a device for 
branching/coupling light between a plurality of op- 
tical fibers. At present, a melt-drawing method is 
considered to be the most suitable for producing a is 
single-mode fiber coupler ("The Latest Technique 
of Optical-Rber Coupler", OPTORONICS, No.5, 

1988, P.125). Such a melt-drawing method in- 
volves; partly removing the respective coatings of 
two optical fibers so as to form exposed portions; 20 
twisting the exposed portions so as to closely con- 
tact with each other or fixed so as to contact 
closely and parallel to each other; and. drawing this 
bundled portion while heating and fusing the bun- 
dled portion with a burner or the like. 25 

At the same time, light which has been incident 
from one end of the optical fibers is measured at 
the other ends of the optical fibers so that the light 
branching ratio is detected. Drawing is stopped 
when a predetermined branching ratio is obtained. 30 
Finally, the optica! fibers are fixed and made to 
adhere to a protection member to thereby produce 
a fiber-type coupler. 

In the foregoing conventional method, optical 
fibers are drawn while only the branching ratio is 35 
being monitored. In such a method, however, the 
diameters of optical fibers decrease as the drawing 
advances, thereby increasing the drawing speed so 
that it is difficult to stop the drawing when the 
branching ratio has reached a desired, predeter- 4 o 
mined value. In the worst case, the optical fibers 
are broken. 

Further, the refractive index of the heated glass 
differs from that of the finished product. This 
makes it impossible to measure the branching ratio 45 
of the heated product to create a finished, cooled 
product with a predetermined branching ratio. This 
makes It impossible to obtain a coupler having the 
branching ratio of a desired finished value. 

so 

SUMMARY OF THE INVENTION 

The present invention provides a method in 
which the problems of the conventional method 
described above are overcome and an optical-fiber 55 
coupler is produced stably, with the desired 
branching ratio, with high precision. Specifically, 
the present invention provides a method of produc- 



ing an optical-fiber coupler in which part of a plural- 
ity of optical fibers are made to closely contact with 
each other so as to form a coupler forming portion. 
The coupler forming portion is then heated and 
drawn. The optical fibers are drawn by the method 
of the present invention at a drawing speed while 
receiving constant tension and while 
increasing/decreasing the flow rate of a flaming gas 
to be supplied to a heat source by a quantity 
proportional to a difference between the drawing 
speed and a preset drawing speed. The method of 
the present invention provides a computer feed- 
back loop to adjust the heating rate as a function of 
the drawing speed and measured branching ratio. 

In order to obtain the effects of the present 
invention, it is preferable that a branching ratio of a 
coupler is measured during heating and drawing so 
that the preset drawing speed is made to be a 
function of the branching ratio; that the function is 
established so that the drawing speed approaches 
zero as the branching ratio approaches a final 
target value; and that the heat source is a burner 
having a plurality of gas ejection outlets arranged 
along the axial direction of the optical fibers, the 
burner being fixed during heating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Specific components in the figures are ex- 
plained in more complete detail through the De- 
tailed Description of the Preferred Embodiments, 
and hence, will not be repeated here. 

In the accompanying drawings; 

Fig. 1 is a perspective view of an apparatus for 
producing an optical-fiber coupler, for use in an 
embodiment of the present invention. 

Fig. 2 is a graph showing an example of the 
relationship between the branching ratio SR and 
the set drawing speed V<^>, for use in the present 
invention. 

Fig. 3 is a perspective view of a burner for use 
in the embodiment of the present invention. 

Fig. 4 is a flow chart for explanation of a con- 
ventional producing process. 

Fig. 5 is a flow chart for explanation of the 
process of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ^ 

The method of the present invention is char- 
acterized by reference to Figure 1, wherein the 
drawing speed V of two optical fibers is measured 
during drawing of the optical fibers and the quantity 
W of gas of the flaming burner is 
increased/decreased by the quantity AW of gas 
proportional to a difference between the measured 
speed and a preset drawing speed V4> (W = W ± 
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AW). 

The drawing speed of an optical fiber is a 
function of the cross section of the optical fiber, the 
drawing tension, and the heating temperature. 

According to the present invention, the drawing 5 
tension acting on two fibers constituting a coupler 
is made constant so that the drawing speed is 
always made to approach a set value. Controlling 
the flow rate of gas prevents the optical fibers from 
being broken by the rapid increase of the drawing io 
speed when the optical fibers are heated and 
drawn causing the optical fibers to become thin. 

From the results of experiments, it was found 
that the following relation had to be established in 
order to change the flow rate of gas and thereby ?s 
keep the drawing speed to a set value. 

AW = gi(V<#> - V) (1) 

Here. 

AW represents the quantity of change of the 
flow rate of gas (cc/min). 

V<^ represents a set drawing speed (mm/mi n). 

V represents a drawing speed (mm/m in). 

gi represents a constant. 25 

g1: V4> - 0 

g2: - V < 0 

where: g2 ^ g1 > 0 

This is because the flow rate of gas is rapidly 
decreased so as to prevent optical fibers from 30 
being broken when the drawing speed becomes 
higher than the set value. 

Further, light from the light source is made 
incident into one of the two optical fibers and the 
light coming out of the two optical fibers is mon- 35 

itored to measure the branching ratio, SR during 
drawing of the two optical fibers so that a fixed 
relation can be established between the set draw- 
ing speed V<#> and SR. 

40 

V<> = F(SR) (2) 

The function of F(SR) may be selected to be 
SR"”, or the like to thereby decrease the 
drawing speed V as the branching ratio approaches 43 
to a desired value SR* as shown in Rg. 2. In this 
condition, the drawing speed becomes low as the 
branching ratio approaches to the final target value 
so that the branching ratio can be easily obtained 
with high precision. so 

As an example of the utility of the method of 
the present invention, a coupler having a branching 
ratio of 50% was produced by using an apparatus 
for producing an optical-fiber coupler shown in Fig. 

1. In the drawing, the reference numeral 1 des- 56 
ignates a furring table; 2a and 2b, drawing stages; 

3, clamps; 4a and 4b, optical fibers; 5, optical-fiber 
exposed portions: 6, a burner; 7a and 7b. control- 



lers for controlling the flow rate of flaming gas; 8a 
and 8b. weights for applying constant tension to 
the optical fibers; 9, a light source; 10a and 10b, 
photo-detectors; 11a and 11b, detectors for mea- 
suring the distance of movement of the drawing 
stages; and 12, a computer. 

A pair of clamps 3 are provided on the furring 
table 1 so as to be in opposition to each other 
through the drawing stages 2a and 2b and the two 
optical fibers 4a and 4b having the exposed por- 
tions 5 in which the respective coatings of the 
optical fibers are partially removed are fixed to the 
clamps 3. The exposed portions 5 are fixed so as 
to be disposed between the clamps 3 and 3, and 
the burner 6 which is a heat source, is disposed 
just below the exposed portions 5, The exposed 
portions 5 of the optical fibers are heated by the 
burner 6 and the drawing stages are pulled in 
directions opposite to each other so as to enlarge 
the distance of the exposed portions 5 to thereby 
form a predetermined coupler. 

By using a burner having a plurality of gas 
ejection outlets. 6b. arranged along the axial direc- 
tion of the optical fibers as shown in Fig. 3 of the 
burner. 6. it was possible to realize a fixed tem- 
perature all over the area to be heated. Therefore, 
the burner was fixed to perform heating. 

Constant tension was applied to the exposed 
portions, 5, by the weights, 8a and 8b, attached on 
the drawing stages. 2a and 2b, respectively in Fig. 
1. Propane gas and oxygen gas flowing, as flaming 
gas, into the burner. 6, are respectively supplied by 
the flow rate controllers, 7a and 7b which operate 
under instructions from the computer, 12. 

Further, the computer receives the outputs 
from the detectors. 11a and 11b, for detecting the 
distance of movement of the drawing stages and 
the outputs of the photo-detectors, 10a and 10b, for 
detecting the intensity of light which is emitted 
from the light source, 9, and made to come out 
from the optical fibers, 4a and 4b, through the 
exposed portions. 5, constituting a coupler. The 
computer, 12, calculates the drawing speed V and 
the branching ratio SR on the basis of those inputs 
to the computer. Moreover, the computer 12 cal- 
culates AV by using the foregoing expression (1) to 
thereby operate the flow rate controllers. 7a and 
7b. 

When 100 optical-fiber couplers were produced 
so as to have a branching ratio of 50%. all the 
couplers had a branching ratio which fell within a 
range of 50 ± 3%, and the drawing time per 
coupler was one minute. 

In summary, by the method according to the 
present invention, it is possible to consistently pro- 
duce optical-fiber couplers with branching ratios 
within a desired range with a high degree of preci- 
sion. 
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Claims 

1. A method of producing an optical-fiber coupler 
comprising the steps of: 

contacting a plurality of optical fibers to s 
form a coupler forming portion; 

heating the coupler forming portion with a 
flaming gas from a heat source; 

drawing the optical fibers at a drawing 
speed under constant tension; w 

measuring the branching ratio of said cou- 
pler continuously during said drawing; 
measuring said drawing speed; and 
regulating the quantity of said flaming gas 
proportional to the difference between said 76 
drawing speed and a preset drawing speed, 
wherein said preset drawing speed is made a 
function of said branching ratio. 

2. The method of producing an optical-fiber cou- 20 
pier according to Claim 1, wherein said func- 
tion Is calculated so that said drawing speed 
approaches zero as said branching ratio ap- 
proaches a final target value. 

25 

3. The method of producing an optical-fiber cou- 
pler according to Claim 1 , wherein said heating 
step comprises the step of heating with a 
plurality of gas ejection outlets arranged along 

the axial direction of said optical fibers. so 
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LEGEND : 

401: Partly removing respective coatings 

402: Drawing/fusing- 

403: Predetermined branching ratio. 

404: Stop drawing/fusing 

405: Fixed to protection member 
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0 Method of producing optical-fiber coupler. 

0 The invention provides a method for producing 
an optical-fiber coupler with a preset branching ratio. 
The present invention relates to a method in which 
part of a plurality of optical fibers are made to 
closely contact with each other so as to form a 
coupler. The coupler is heated to thereby obtain a 
predetermined branching ratio; the flow rate of a gas 
to be supplied to a heat source (6) is 
increased/decreased by a quantity proportional to a 
difference between the drawing speed and a preset 
drawing speed while predetermined tension Is ap- 
plied to the optical fibers by weights (8a) and (8b) 
attached to the drawing stages (2a) and (2b), respec- 
tively. Propane gas and oxygen are supplied by the 
controllers (7a) and (7b). respectively operating un- 



der the instruction from computer (12). 

Further, the computer (12) receives the outputs 
from the detectors. (11a) and (11b), for detecting the 
distance of movement of the drawing stages and the 
outputs of the photo-detectors. (10a) and (10b). for 
detecting the intensity of light which is emitted from 
the light source (9), and made to come out from the 
optical fibers, (4a) and (4b), through the exposed 
portions (5). constituting a coupler. The computer 
(12) calculates the drawing speed V and the branch- 
ing ratio SR on the basis of those inputs to the 
computer. Moreover, the computer (12) calculates 
AV by using the foregoing expression to thereby 
operate the flow rate controllers. (7a) and (7b). 
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